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                                                       SYNOPSIS
The thesis entitled “Total synthesis of (+)-Lycoricidine and development of new methodologies” has been divided into four chapters.
Chapter-I: This chapter deals with an introduction to cancer, including some of potent anticancer natural products and the approaches cited in the literature towards the synthesis of (+)-Lycoricidine, including the total syntheses.
Chapter-II: This chapter deals with the total synthesis of (+)-Lycoricidine:  An efficient total synthesis of (+)-Lycoricidine framework has been described.
Chapter-III: This chapter describes the development of new methodologies based on carbohydrates, which is further divided into three sections.
Section A: This section describes the three component coupling reactions of 2-deoxyribose, aryl amine and acetyl acetone: InCl3 catalyzed Synthesis of bicyclic aminols.
Section B: This section describes the stereoselective synthesis of 1,5-benzodiazepines
catalyzed by InCl3.
Section C: This section deals with an efficient synthesis of optically active Pyrazoles under solvent-free conditions
Chapter-IV: This chapter describes the development of new methodologies based on alkylations on Indoles and pyrroles, which is further divided into two sections.
Section A: This section describes the unprecedented formation of cis-fused perhydrofuro 
[2,3-[b]oxepines and bis-indolyl alkanols catalyzed by InCl3.
Section B: This section describes the montmorillonite clay catalyzed alkylation of pyrroles and indoles with cyclic hemi-acetals.

Chapter I: This chapter deals with an introduction to cancer, including some of potent anticancer natural products and the approaches cited in the literature towards the synthesis of (+)-Lycoricidine, including the total syntheses.


 Chapter II: Stereoselective total synthesis of the amarellidecae alkaloid (+)-Lycoricidine from readily available startingmaterial D (+)-Mannose. 

 INTRODUCTION:
     The extracts of plants of Amarellidaceae family have long been used in folk medicine to alleviate a variety of ailments. Number of Amarellidaceae alkaloids of the [1,3]-dioxolophenenthredone structural class exhibit a wide range of biological activities. In 1968, Toshhiko Okamoto and co-workers reported the isolation and structure of the highly oxygenated phenanthridone alkaloids designated as Lycoricidine and Lycoricidinol from the bulbs of Lycoris Radiata herbs (figure 1).
    








Figure 1

     Lycoricidine (margetine) and Narciclasine (lycoricidinol) two constituents found in Amarellidaceae plants, show strong growth-inhibiting action on Avena straight growth test and rice seedling test. Along with wide range of biological activities they also have marked inhibitory action on cell division in tobacco tissue culture and also exhibit inhibition of protein synthesis and potent antitumour activity against Ehrlich carcinoma, Cervix carcinoma and Larynx carcinoma.



     Scheme 1 illustrates our retrosynthetic analysis of 1, providing convergent strategy. via domino reaction between allyl bromide and the iodo compound, followed by Grubb’s cyclization of diene and stereoselective formation of aziridine 7, DMP-Silica mediated oxidative ring opening of aziridine to form enone (allyl amine) 5 followed by intramolecular Heck reaction (Scheme 1).
     















Scheme 1. Retrosynthetic analysis of (+) Lycoricidine.
     
Synthesis of Sugar Moiety:
     Our initial effort towards the total synthesis of (+)-Lycoricidine 1 was started with readily available sugar D(+)-Mannose 9, which was converted to the O-methyl bis-acetonide 11 (major) and monoacetonide 12 (minor) derivative5 by refluxing with methanol, conc. H2SO4 in dry Acetone (Scheme 2). The bis-acetonide 11 derivative was again converted to monoacetonide 12 by the treatment with 0.8% H2SO4 in Methanol.
     The mono acetonide 12 was reacted with NaIO4 in DCM/H2O and few drops of NaHCO3 followed by NaBH4 in methanol converted to ω-hydroxy glycoside 13. The hydroxyl group of compound 13 was converted to iodo compound 14 in 92% yield. Exposure of compound 14 with Zinc/allylbromide under domino conditions gave the diene, which was cyclised to inseparable mixture of cyclohexenol derivative 8 under Grubb’s RCM conditions in almost quantitative yield (Scheme 2).   














Scheme 2

     The acetylation of alcohol 8 yielded a separable mixture of acetates 16, and 17 (9.5:0.5 ratio) in a quantitative yield. Once in hand, the compound 16 was transformed to aziridine 7 in two different routes. In the first method the acetate 16 was treated with PhINTs in presence of Cu(OTf)2 or Cu(acac)2 yielded the N-tosyl aziridine 18 in 45% yield as a single isomer and remaining 40% 16 was recovered during purification. Treatment of the compound 18 with Na/Naphthalidene afforded the aziridine 7 in 70 yield. (Scheme 3). 










Scheme 3

     In the second method compound 16 was converted to azido derivative 22 by a 3 step process, which began by treatment with NBS to form sparable bromohydrins 19 and 20. The compound 20 was subsequently treated with K2CO3 in dry acetinitrile to form epoxide 21 and regioselective ring opening of epoxide with NaN3 and NH4Cl in ethanol afforded the azidoalcohol 22 in 75 yield. Mesylation followed by TPP, DIPEA treatment gave the desired aziridine 7 in 72% yield (Scheme 4).


















Scheme 4
Synthesis of aromatic moiety:
     Synthesis of aromatic moiety began with commercially available piperonylic acid 10. The compound 10 was nitrated to give nitro piperonylic acid 24 by the treatment with fuming nitric acid. The nitro acid 24 was refluxed with methanol in presence of catalytic H2SO4 to afford methyl ester 26 in 85%. Similarly the nitro methyl ester 26 can be prepared in another method in which piperonylic acid 10 was esterified in refluxing methanol using catalytic amount of conc.H2SO4 afforded piperonylic ester 25 in 90% yield. The ester 25 was converted to nitro ester 26 by the reaction with SnCl4 and fuming HNO3 at -78 oC (Scheme 5).
             








Scheme 5 


     The nitro group of compound 26 was reduced to amine using SnCl2.2H2O in refluxing methanol afforded amino ester 27 in 80% yield. The amino ester 27 was converted to iodo ester 28 by the diazotization in which the compound 27 was treated with dil.H2SO4, NaNO2 and KI at 0 oC-80 oC. Hydrolysis of the ester functionality in compound 28 was treated with LiOH in THF:H2O to produce acid derivative 6 in 91% yield (Scheme 6). 






Scheme 6
Coupling of Aziridine 7 and Acid 6: 
     To construct the key intermediate 5, we turned our attention towards aziridne 7. Once in hand compound 7 was condensed with 6-iodo piperonylic acid 6 using EDCI, HOBT accomplished the desired amide 29 in quantitative yield (85%). Ester hydrolysis of compound 29 followed by Dess-Martin oxidation and silica treatment produced the key enone 5 in high overall yield. Such an unprecedented oxidative opening of aziridine was observed first time by our group. Fascinated by the result, we have studied the scope and generality of the reaction by various substrates which gave the excellent results (Scheme 7).












Scheme 7

     The Luche reduction of 5 gave inseparable mixture of alcohol 30 which upon silylation allowed us to separate the mixture by simple chromatography to get 31 and 32 in over 90% collective yield (dr 40:60). Protection of carbamate nitrogen of 31 with Boc group gave the compound 33. Following Ogawa and Hudlicky’s strategy of intramolecular Heck reaction, compound 33 was exposed to Pd(OAc)2, TlOAc, DIPHOS (1,2-bis diphenylphosphino ethane) in anisole at 120 oC for 2 hrs gave the phenanthredone skeleton 34 almost in reasonable yield. Removal of the protecting groups with 60% formic acid completed the synthesis of (+)-Lycoricidine 1 (95%) (Scheme 8). 

 
























Scheme 8

     In conclusion, we have achieved an effective, convergent synthesis of a highly oxygenated phenanthredone (+)-Lycoricidine. This route illustrates Domino reaction followed by RCM gave the key fragment cyclohexenol. Oxidative ring opening of aziridine to form enone, which is the centre of attraction for the scheme. 













Chapter III:
Section A: This section deals with three component coupling reaction catalyzed by InCl3: Synthesis of synthesis of optically pure bicyclic aminols from 2-deoxy-D-ribose, aryl amines and acetyl acetone in a one pot operation.
          In continuation of our interest in exploring the synthetic utility of indium trichloride, we herein disclose a simple and direct method for the synthesis of sugar- based, bicyclic aminols from 2-deoxyribose, aryl amine and acetyl acetone. Initially, we attempted a three-component reaction of 2-deoxyribose, aniline and acetyl acetone in the presence of 10 mol% InCl3. The reaction proceeded smoothly in acetonitrile at room temperature and the product was obtained in 93% yield as a mixture of 4c and 5c in a 1:1 ratio after acetylation (Scheme 1, Table 1). 
     









These diastereoisomers, 4c and 5c could be easily separated by column chromatography and characterized by extensive NMR experiments. The compounds 4c and 5c were characterized thoroughly with the help of various NMR experiments including 2-D nuclear Overhauser effect spectroscopy (NOESY), heteronuclear single-quantum correlation spectroscopy (HSQC) and heteronuclear multiple bond correlation spectroscopy (HMBC). Further, the structures of 4c and 5c were established by chemical correlation. Thus, the oxidation of both 4c and 5c with Dess-Martin periodinane gave the corresponding ketones, which exhibit identical NMR spectra and mps but opposite optical rotation which confirms the structures 4c and 5c.






























Section B: This section deals with the Synthesis of 1,5-benzodiazepines from α,β-unsaturated sugar aldehyde and O-phenylenediamines in a one pot operation.
     Due to the wide range of biological, industrial and synthetic applications, various methods have been developed for the synthesis of 1,5- benzodiazepines. However, there have been no reports on the synthesis of diazepines from α,β-unsaturated sugar aldehyde and ophenylenediamines.
     In our ongoing programme we describe for the first time synthesis of 1,5-benzodiazepines from α,β-unsaturated sugar aldehyde and O-phenylenediamines. Here we describe a novel and rapid approach for the synthesis of 1,5-benzodiazepines from o-phenylenediamines and 4,6-di-O-substituted-2,3-dideoxy-aldehydo-D-erythro-trans-hex-2-enose using InCl3 as a catalyst. Accordingly, treatment of o-phenylenediamine 1a with 4,6-di-O-benzyl-2,3-dideoxy-aldehydo-D-erythro-trans-hex-2-enose 2a in the presence of 2 mol% of InCl3 in ethanol at room temperature afforded 1,5-benzodiazepine 3a in 85% yield (Scheme 9).
                                                                                                                                                                                                                                                          
                 
          
                                                                            
Scheme 9
        
 The structure of the product 3a was established by using various solution NMR experiments like DQFCOSY, NOESY and HSQC. In a similar manner, various substituted o-phenylenediamines such as 4-methyl, 4,5-dimethyl, reacted rapidly with 4,6-di-O-benzyl-2,3-dideoxy-aldehydo-D-erythro-trans-hex-2-enose to give the corresponding benzodiazepine derivatives (entries 1a-c Table 1). Other substrates such as 4,6-di-O-ethyl- and 4,6-di-O-acetyl-2,3-dideoxy-aldehydo-D-erythro-trans-hex-2-enose gave the respective substituted 1,5-benzodiazepines in good yields under similar conditions (entries d-g, Table 1). 
































Section C: A novel and rapid method for the synthesis of a new class of optically pure 4-substituted pyrazoles from 2-formyl glycals and arylhydrazines under solvent free microwave condions.
     As an ongoing research programme, continuing efforts have been made to develop a novel and rapid method for the synthesis of a new class of optically pure 4-substituted pyrazoles from 2-formyl glycals and arylhydrazines. Thus, treatment of 3,4,6-tri-O-ethyl-2-C-formyl- D-glucal with phenylhydrazine under microwave irradiation and solvent-free conditions afforded (2R,3S,4S)-1,3,4-triethoxy-4-(1-phenyl-1H-3-pyrazolyl)butan-2-ol 3a in 83% yield. In a similar manner reaction of 3,4,6- tri-O-benzyl-2-C-formyl-D-glucal and phenylhydrazine gave the corresponding pyrazole 3c in 85% yield (Scheme 1). 
               



 



     The structure of the product 3a was assigned by using various solution NMR experiments such as DQCOSY, NOESY, HSQC and HMBC. A variety of arylhydrazines such as p-chloro, p-methoxy, m-chloro and o-ethyl derivatives reacted efficiently with 3,4,6-tri-O-benzyl-2-C-formyl-D-glucal under microwave irradiation to afford the corresponding pyrazoles in good yields (entries e-h, Table 1). Like arylhydrazines, hydrazine hydrate also afforded the respective pyrazoles in good yields (entries d and j, Table 1). Similarly other substrate such as 3,4,6-tri-O-ethyl-2-C-formyl- D-glucal gave 4-substituted pyrazoles under similar conditions. The  reactions were carried out both under microwave as well as thermal conditions. 
     
































Chapter IV:
Section A: This section deals with a novel method for the synthesis of dipyrrolyl and bisindolyl alkanols using inexpensive montmorillonite clay as a reusable solid acid catalyst.
The indole nucleus is one of the most relevant structures in medicinal chemistry. In continuation of our research programme on the use of clays for organic transformations, we report herein a novel method for the synthesis of dipyrrolyl and bisindolyl alkanols using inexpensive montmorillonite clay as a reusable solid acid catalyst. Thus treatment of indole 1 with 2-deoxy-D-ribose 2 in the presence of montmorillonite KSF clay afforded the optically active (2R,3S)-5,5-di(1H-indol-3-yl)pentane-1,2,3-triol 3a in 80% yield (Scheme 1).





Scheme 1
           
Several substituted indoles such as 2-methyl-, 5-methoxy-, 7-ethyl-, N-benzyl- and 5- bromo-indoles reacted smoothly with 2-deoxyribose to give the corresponding bis-indolyl alkanols 3 in good yields (Table 1, entries b–f). Similarly, pyrrole and N-methylpyrrole afforded the respective optically active dipyrrolyl alkanols in good yields (Table 1, entries g–h, Scheme 2).




   
    































Section B: This section deals with unprecedented formation of cis-fused perhydrofuro[2,3-b]oxepines and bis indolyl alkanols catalyzed by InCl3.
     The seven-membered oxepine and azepine ring systems are important core units in a variety of biologically interesting natural products. In continuation of our efforts in the development of novel synthetic methodology  utilizing  indium halides, for the first time we observed the unusual formation of 3-[(3aR,4S,8aR)perhydrofuro[2,3-b]oxepin-4-yl]-2-methyl-1H-indole 3a from 2-methylindole and 2,3-dihydrofuran employing a catalytic amount of indium trichloride under mild conditions (Scheme 1). 
         




                                                        
       


     The assignment of the structure and stereochemistry of the product 3a was achieved by incisive and detailed NMR studies including DQF-COSY, HSQC and HMBC experiments. Interestingly, N-protected 2-methyl indole derivatives reacted smoothly with 2,3-dihydrofuran under the similar reaction conditions.     









When the reaction is carried out with simple indole and 3,4-dihydro-2H-pyran or 2,3- dihydrofuran in the presence of 10 mol% InCl3 for 3.5 hrs in dichloromethane afforded the corresponding 4,4-di(1H-3-indolyl)-1-butanol 4a and 5,5-di(1H-3-indolyl)-1-pentanol 4b  derivatives were formed in excellent yield (Scheme 2).
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